Studies on the phenylalanine hydroxylase system in liver slices.
A method was developed to study the unsupplemented phenylalanine hydroxylase system in rat liver slices. All of the components of the system--tetrahydrobiopterin, dihydropteridine reductase, and the hydroxylase itself--are present under conditions which should be representative of the actual physiological state of the animal. The properties of the system in liver slices have been compared to those of the purified enzyme in vitro. The three pterins, tetrahydrobiopterin, 6,7-dimethyltetrahydropterin, and 6-methyltetrahydropterin, all stimulate the hydroxylation of phenylalanine when added to the liver slice medium in the presence of a chemical reducing agent. The relative velocities found at 1 mM phenylalanine and saturating pterin concentrations are: tetrahydrobiopterin, 1; 6,7-dimethyltetrahydropterin, 2.5; 6-methyltetrahydropterin, 13. This ratio of activities is similar to that found for the purified, native phenylalanine hydroxylase and indicates that the enzyme in vivo is predominantly in the native form. Rats pretreated with 6-methyltetrahydropterin showed enhanced phenylalanine hydroxylase activity in liver slices demonstrating for the first time that an exogenous tetrahydropterin can interact with the phenylalanine hydroxylase system in vivo. This finding opens up the possibility of treating phenylketonurics who still possess some residual phenylalanine hydroxylase activity with a tetrahydropterin like 6-methyltetrahydropterin which can give a large increase in rate over that seen with the natural cofactor, tetrahydrobiopterin.